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Investization of the absorption method characterizing the alkaline pro- 
perties of oxide catalysts 


Dokl. AN SSSR, 96, Ed. 6, 1183 ~ 1186, June 1954 


In order to investigate the catalytic properties of surfaces, acting ac- 
cording to the acid-basic mechanism, one must have proper methods of de- 
termining the number and quality of the acid and alkaline centers of the 
surface. The most effective methods are those based on the measurement 
of the value ard stability of srecific absorptions for such weak bases 
as: ammonia, pyridine, quinoline, and the methods based on the study of 
the noisoning effect of alkalis on the activity of catalysts. Twelve 


references. Graphs. 


March 12, 1954 
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AP701597 TREASURE ISLAND BOOK REVIEW AID 842 - 8 
KRYLOV, O. V. and YE. A. FOKINA (Institute of Physical Chemistry, 


Academy of Sciences, USSR). 

OB IZMERENIIT KISLOTNO-SHCHELOCHNYKH SVOYSTV POVERKHNOSTI 
(Determination of oxidation-reduction properties of surfaces). 
In Problemy kinetiki 1 kataliza (Problems of Kinetics and 
@atalysis), vol. 8. Izdatel'stvo Akademii Nauk SSSR, 1955. 
Section V: New experimental methods. Pp. 248-255. 


The adsorption of phenol was studied in order to develop a method 
for the determination of the number and nature of acid and alkaline 
centers on the surface. It was determined gravimetrically on 8 
quartz spring balance connected with an ampule containing phenol. 
The adsorption of phenol was conducted at 23-25°C; desorption, 

at 25, 100, 200, 300 and 380°C; adsorption at 00°C, desorption 
at 100, 200, 300 and 380° ¢; adsorption at 200°C, desorption at 
200, 300 and 380°C. A study of the kinetics of adsorption and 
desorption of phenol was carried out on acidic, alkaline 

and amphoteric adsorbents. BeO, MgO, ZnO, CdO, cad, Ca (OH), 
Aln02, silica gel, and the aluminosilicate cracking catalyst. 

The éatalytic activity of the above catalysts were also studied 
in the decomposition of isopropyl alcohol. ‘The experimental 
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data are compiled in Table 1 (p. 250). The adsorption of phenol 
by all the catalysts except 5109 and A1203-5102, is very stable 


(chemisorption). 


The curve in Fig. 1 (p. 251) shows the quasi-isobars of adsorption 
(calculated from the saturation points of the kinetic adgorption 
isotherms), The amount of phenol adsorbed at 25°C on Im 

catalytic surface 18 approximately the same (5-Bmm) on different 
catalysts while the stability of the bond between phenol and 
catalyst differs for different catalysts. Data on the desorption 
of phenol from BeO and MgO at various temperatures are compiled 

in Table 2 (p. 252). 


Kinetic isotherms of adsorption of phenol on BeO are shown in 
Fig. 2,(p. 253). Analogous isotherms were found for ZnO, MgO, 
Alo02, etc., With the exception of Cad, ca(OH)o,silica gel and 
alum{nosilicate. Kinetic isotnerms of adsorption of phenol on 
aluminosilicate at various temperatures are shown in Fig. 3 


(p. 253). 
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To establish the acidic nature of the catalytic surface, adsorption 
of pyridine wan conducted in the same manner as the adsorption of 
phenol. The experimental data are compiled in table 3,(p. 254), 
Study of the decomposition of isopropyl alcohol showed that the 
dehydration ability of the catalyst changes as in the adsorption 
of pyridine, and the dehydrogenation ability of the catalyst as 

in the adsorption of phenol. 


The adeorption of phenol can be used for quantitative determination 
of the basic nature of the surface. Other volatile substances 
with low acidity may be used. 


Adsorption of pyridine may be used for determination of the 
acidic properties of the surface. It is advisable to determine 
also the heat of adsorption and the energy of activation. A 
Bimilar method may be used for determination of the electronic 
nature of the catalytic surtace. 


The effect of the adsorption of mercury, an electron-donor, 
and oxygen, an electron-acceptor on the catalytic nature of 
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2 f Be, Zn and Cd was studied. Mercury and oxygen were 
eaeatiel oy the catalyst Simultaneousy with the vapors sre 
4sopropyl alcohol. Oxygen decreases the rate of decomposition 
of half of the initial value - see ref. 19. Three tables, 

3 diagrams. 19 references, 1¢ Russian (1946-1954). 


y AN 


1. Insthtut fisich skoy khimii AN SSSK. 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826820020-3" 


"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826820020-3 


wei 


ng CF 
ops TL CRACTOE ie 
AE lancvd, Totes HOLES 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826820020-3" 


"APPROVED FOR RELEASE: 06/14/200 CIA-RDP86-00513R000826820020-3 


ALLENS 


Ries BeP BEDE 


Due temece 


cs 
te 


ne 


en 


ie 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826820020-3" 


KRY LOU, 0 V- 


"APPR : 
he eters ror RELEASE: ie 14/ 2000 CIA-RDP86-00513R000826820020 


& 


sia | -3 


Bins 


’ ySSR/Physical Chemistry - Kinetics. Combustion. Explosives. Topochemistry- 


Abst Journal: 
Author?’ 
‘Institutions 
Title: 
Original 
Periodicals 


Abstract: 


APPROVED FOR RELEASE: 06/14/2000 


Catalysis, B-9 
Referat Zhur - Khimiya, No 19, 1956, 61093 


Krylov, 0. V., Roginskiy, 5. 2. 


pO re a en ee 


None 


Concerning the Possible Mechanism of Catalytic Oxidation of 
Hydrogen op Metals 


Inv. AN SSSR, Otd. khim. n., 1956, No 2, 145-149 


Presented is a summary of principal results of studies of kinetics 
of oxidation pf Hg on Pt. It is assumed that the atagbaybich limits 
the process Of oxidation of Hp on Pt is the adsorption of Op without 
breach of molecules into atoms. Oxygen having undergone strong 
surface combination (probably in the form of ions) with the partici- 
pation of d-electrons of Pt is not reduced by Ho but activates Pt 

as concerns the reaction of oxidation of Hp. H2 is adsorbed at 
these active centers of Pt, reversibly poisoning them. The 
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Equilibriun. Physico-Chenical Analysis. Hias. Trensitioas 


fos Jour: Referot Zhur - Khimiya, No 2, 1957, 3734 


Juthor 


: Kirlllov I.P., Krylov 0.V., Alekseyev 4.M. 
Inst : Ivanovo Chemtco-Techn Torlcal tustitute 
Title : Study of Shysicochesical Properties of Systern PbO 


Orig Pub; Tr, Ivanovok. khin.-tekhnol. in-ta, 1956, No 5, 61-68 


Abstract ; Stuly of Pho -Feo0, system produced ty coeprecipi tation 
of the hydroxides” fron a mixture of nitrates of Fe and 
Pb, with NH,. After a prelininary drying (90-1200) the 
systen was daleined within 200-8CG ronge at intervals 
of 100°, In the corrse thercof were investigated the 
magnetic susceptibility, adsorption power and solubility 
(relotive vate of dissolution of Fe,0, in 1,0 N HCl and 
PbO in 0.25 N CH,COCH. It was found that the systen un- 


dur stucy passes throuch a serius of interncciate states 
Card 1/2 - 83. 
‘ GSSR/Miysical Chemistry + Therrodynanics. Therrochenist.. fe 3-8 


Equilibriun, Thysico-Chemical analysis. Phase Transitions 
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on calcining: 1) Decoupositicn of nitrates and hydro- 
xides (100-35C°); 2) Crystallization an? olyrorphous 
transformations of PbO and F203 ('350-500°); 3) Inter. 
nal diffusion, characterized by incorporation of mre 
mobile molecules of PbO into the erystal Inttice of 
P20, (500-700°); 4) Forration of crystalline reaction 
product -- lead ferrite PbO.Fe0, (72C-800° ). 
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: Krylov 0.V,, Roginskiy 5.Z., Fokina Ye. A. 

: Department of Chemical Sciences, Academy of Sciences USSR 
Study of the Dependence of Catalytic Activity of Binary Compounds of 
Metals of the Second Group with Non-Metals Upon a Position of Elements 
{n the Periodic System of Mendeleyev. Communication 1. Catalytic Decom- 
position of Isopropyl Alcohol over Oxides of Alkaline-Zarth Metals. 


Izv. AN SSSR, Otd. khim. n., 1956, No 6, 668-675 


Abstract : Ina flow-unit, at 314-h60° » & study was made of decomposition of isopro- 
pyl alcohol in the presence of the catalysts CaO (r), 8rO (IZ), Bao (III), 
CaCOz (IV), BacO, (V) or Ca(()o (vz). In the I-III series catalytic ac- 
tivity of the oxides increases. Over all the oxides dehydrogenation of 
alcohol predominates over the dehydration. Energies of activation E of 
dehydrogenation (in cal/mole), I 12000-16000, on II 11000, on III 6000. 
Values of E of dehydration are higher (in cal/mole): on I 22000-26000, 
on II 25000, on III 12000. At the same time E values of dehydration 
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over carbonates (24000 on IV, 17000 on V) are lower than dehydrogenation 
E values (39000 on IV, 26000 on V) and approximate the dehydrogenation 
E over oxides. On the basis of these data the assumption is made con- 
cerning the presence in oxides of carbonate edmixtures which cause the 
dehydration. Dehydrogenation E over VI, of 16000 cal/mole, is close 

to dehydrogenation E over I. Literature data concerning catalytic pro- 
perties of solid alkalies indicate widespread use of alkaline catalysis. 
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Acid-Base Properties of Catalytic Surfaces oy the Differential 
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ERYLOV , 0.Y.; ROGINSKIY, 8,Z2.; FOKIHA, Ye.A. 


Investigating the dependence of catalytic activity of binary 
metal compounds of the second groip with nonmetals on the position 
of the eletente in M.I,Mendeleev's periodic table. Report No.2: 
Catalytic decomposition of siopropyl alcohol on oxides of netals 
from the side subgroup of the second group. Isv.AN SSSR Otd.khia, 
nauk no.:421-430 Ap '57, (MIRA 10:11) 


1. Institut fisichaskoy khinii AN SSSR 
(Catalysis) (Isopropyl alcohol) (Oxides) 
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KRYLOY, O.Ve; FOKINA, Yo,A, 
Study of sulfide stability with the aid of 935 during catalytic 
decomposition of isopropyl alcokol, Probl, kin. 1 kat. 9:294-303 

(MIRA 1133) 


‘57, 
(Sulfides) (Catalysis) (Sulfur-~Isotopes) 
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Study of acid-base properties of catalytic surface by the differ 
ential isotope method, Probl, kin, 1 kat, 9130%~313 ‘57, (MIRA 113) 
(Adsorption) (Cresol) (Carbon-—~Isotopos) 
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AUTHORS: Krylov, 0. V., Fokina, Ye. A. 62-58-3-2/30 


TITLE: The Investigation of the Catalytic Activity of the Binary 
Compounds of Metais of tho Second Group With fonmetals as 
Dependent on the Position of the Elements in the Mendeleyev 
Periodio System (Izucheniye zavisimosti kataliticheskoy 
aktivnosti binarnykh soyedineniy metallov vtoroy gruppy 8 
nemetallami ot polozheniya elementov Vv periodicheskoy sisteme 
Mendeleyeva). Communication 3. The Catalytio Decomposition 
of Isopropyl Alcohol on the Sulfides of Metals of the Second 
Group (Soobshcheniye 3, Kataliticheskoye razlozheniye izo- 
propilovogo spirta na sul'fidakh metallov vtoroy gruppy) 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Khimicheskikh Nauk, 
1958, Nr 3, pp. 266-276 (USSR) 


ABSTRACT: This paper represents part of the systematic investigations 
of the catalytic properties of binary metallio compounds 
(metals of the 2nd group) with metalloids of the 6th group. 
Beside the sulfides of the 2nd metal group some sulfide 
samples (of Pb and Bi) were also investigated. The present 
paper describes the investigation of sulfurous zinc ZnS and 
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The Investigation of the Catalytic Activity of the Binary 62-58- 3-2/30 
Compounds of Metals of the Second Group With Nonmetals as Dependent on the 
Position of the Elements in the Mendeleyev Periodic System. Communicetion 
d+ The Catalytic Decomposition of Isopropyl Alcohol on the Sulfides of 
Metals of the Second Group 


ASSOCIATION: 
SUBMITTED: 


Card 2/2 


similar types of zinc. Table 1 shows the results of the per- 
formed experiment. The dehydrogenation and dehydration of 
isopropyl alcohol on the sulfides were also investigated (see 
tables 3-6). It became evident that all investigated sulfides 
except PbS are dehydrogenizing catalysts. The catalytic 
activity of the sulfides Zn and Cd is higher than that of 2n0 
and CdO. It was further found that a nodification of the 
method of synthesis of the sulfide causes a modification of 
its catalytic properties. Under the conditions of the de- 
composition of isopropyl alcohol (in the layer) the activity 
of ZnS is higher than of ZnO. The activation energy of the 
dehydrogenation (in the layer) increases with an increasing 
filling of the surface. There are 8 figures, 6 tables, and 
17 references, 16 of which are Soviet. 
Institut fizicheskoy khimii Akademii nauk SSSR 
(Institute for Physical Chemistry, AS USSR) 
January 8, 1957 
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AUTHOR: Krylov, 0 » Candidate of Chemical Sciences 


TITLE: Physics .ind Physical Chemistry of Cutalysis (Fizika i fiziko- 
~knimya kataliza) Transactions of the All-Union Conference 
(Vaesoyuznaya konferentsiya) 


PERIODICAL: Vestnik Akademii nauk SSSR, 1956, Nr 7, pp. 119 - 122 (USSR) 


ABSTRACT : This conference convened in Moscow between March 20%h and 
March 2374, It was called by the Department of Chemical 
Sciences and the Institute of Physical Chemistry of the AS 
USSR (Otdeleniye khimicheskikh nauk i Institut fizicheskoy 
khimii Akademii nauk SSSR)It was attended by more than 600 
persons from different towns of the Soviet Union as well as 
from countries of the people's democracies. Nearly 100 re- 
ports were submitted, 78 of which were given to the parti- 
cipants for discussion. The remainder was read. The follow- 
ing reports were heard: 
1) S. Z. Roginskiy, (Institute of Physical Chemistry, aS USSR), 

spoke about the selective methods concerning semiconductor 
Card i/5 catalysis. 
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Transactions of the All-Union Conference 


2) ¥. Ve. Boldyrev, Tomsk University, used electron repre~ 
sentations for the explanation of the course of topo- 
chemical reactions. 

3) Ne Pe Keyyer, (Institute of Physical Chemistry, AS USSR), 
used electron representationa for the clarification of 
the characteristics of heterogeneity of the active sur- 
face of semiconductor contacts. 

4) F. F. Vol'kenshteyn, Ve B. Sandomirskiy and Sh. M. Kogan, 
(Institute of Physical Chemistry, AS USSR), investigated 
the influence of exposure as well as of an external elec- 
tric field on the absorptive power of a semiconductor. 

5) A. Ne Terenin spoke about the investigation of the struc- 
ture and the behavior of surface formations in the case 
of adsorption and catalysis. 

6) Ve Fe Kiselev (Moscow University), dealt with problema 
concerning the elementary act of mtalysis. 

7) G. Ke Boreskov, Physioal-Chemical Institute imeni Le Ya. 
Karpov (Fiziko-khimicheskiy institut im. L. Ya. Karpova), 
reported on the dependence of the catalytic activity of 
metals on their position in the periodic system of ele- 

Card 2/5 ments. 
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Physics and Physicai Chemiatry of Catalysis. SOV/ 30-58-7-34/49 
Transactions of the All-Union Conference 


8) VY. le Bonch-Bruyevich and ¥. Be Glasko, (Moscow University), 
reported on the results of the adsorption computation of 
metals. 

9) Ae Ae Balandin, Institute of Organic Chemistry AS USSR 
(Institut organicheskoy khimii Akademii nauk SSSR), re- 

ported on new data concerning the réle played by structure 
factors in heterogeneous catalysis. 

10) V. Ve Voyevodskiy disproved his (and N. Ne Semenov's) hypo- 
thesis of the existence of surface lattices and a hetero- 
geneous catalysis. 

11) Ya. T. Eydus and N. I. Yershov, (Institute of Organic 
Chemistry, AS USSR), 0. A. Golovina, M. M. Sakharova, S. Z. 
Roginskiy’ and Yee S$. Dokukina, (Inetitute of Physical 
Chemistry, AS USSR), proved the existence of polymerization 
lattices in heterogeneous-catalytic processes of hydro- 
carbon synthesis. 

12) N. N. Tikhomirov, P. Ne Bubnov and V. VY. Voyevodskiy, 
(Institute of Chemical Physics,AS USSR), reported on the 
application of the method of paramagnetic resonance of 

Cord 3/5 electrons for the purpose of investigating the interaction 
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13) 


14) 
15) 


16) 


17) 
18) 


of molecular oxygen with the free carbon valences. 

Ya. Ke Syrkin, (Institute of General and Inorganic Chemistry 
AS USSR). (Inetitut obshchey i neorganicheskoy khimii 
Akademii nauk 3°SR), reported on problems concerning the 
molecular mechanism in catalysis. 

K. V. Topchiyev, Moscow University, gave a survey on the 
data concerning catalytic activity of aluminum silicates. 

Le I. Piguzova and M. A. Kaliko, All-Union Scientific Re- 
search Institute of Mineral Oil Industry (Vsesoyuznyy 
nauchno-iseledovatel'skiy institut neftyandy promyshlennosti) 
reported on problems concerning characteristics of active 
acid centers in cracking and in catalytic reactions with 
aluminum silicates. 

Ne M. Chirkov, Institute of Chemical Physics,aS USSR, 

proved the proton character of the mechanism of homogeneous 
acid catalysis. 

0. V. Krylov, Institute of Chemical Physics, AS USSR, spoke 
about the heterogeneous catalysis of acids. 

G. M. Zhabrova, V. I. Vladirirova and Ye. I. Yegorov, 
Institute of Physical Chemistry,AS USSR, spoke about the 
sorption of ions in the production of qa zinc oxide cata- 
lyst. 
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19) 0. M. Poltorak, Moscow University, reported on problems 
concerning the genesis of catalysts. 
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5(4) SOV/62-58-12-3/22 

AUTHORS: Krylov, 0. ¥., Kushnerev, M. Ya., Fokina, Ye. &. 

TITLE: Investigation of the Dependence cof the Catalytic Activity of 
Binary Compounds of Metals of the Second Group With Non-Metals 
Jpon the Positicn of the Elemants in the Mendeleyev Periodic 
System (Izucheniye zavisinosti kKataliticheskoy aktivnosti bi- 
narnykh soyedineniy metalloy vtoroy gruppy s nemetallami ot 
pelozheniya elementov v periodicheskoy sisteme Mendeleyeva) 
Communication 4: Catalytic Decomposition of Isopropy) Alcohol 
on Zinc Selenide and Telluride (Soobshcheniye 4. Katalitiches- 
koye razleozheriyn izopropilovogo spirta na selenide 1 telluride 


ssinka) 


PERIODICAL: Izvestiya Akademii nauk SSSR. Otdeleniye khimicheskikh nauk, 
1958, Nr 12, pp 1413-1421 (USSR) 


ABSTRACT: The praesent paper deals with the investigation of the catalytic 
activity of selenides and tellurides of metals of the second 
gtoup with respect to the dehydration and dehydrogenation of 
isupropy) alcohol. It is a continuation of the investigations 
carried sut with the cxides and sulfides of metais of the same 

Card 1/3 group (Refs 1~3), The investigation methods employed ure de- 
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Investigation of the Dependance of the Cataly~+ic Activity of Binary Compounds 
of Metals of the Secund Group With Non-Motals Upon the Position of the 
Elements in the Mondaleyev Pertodisu System. Communication 4i Catalytic 
Decompssition of Isopropyi Alcohol on Zinc Selenide and Telluride 


seribed (Refs 1-3). The 2nSe preparation was supplied by M. S. 
Bealnntkiy, the ZnTe propavation by N. A. Goryurnova, and chen~ 
Joaliy pure teliucium vy A. Ve Novoselova. The decomposition 
of isopropyi alcohe) on ZnSe and ZgnTe within the temperature 
range 20-140° was investigated. It was found that the reaction 
in principle develops in the directicn of dehydrogenation. In 
the reaction a decrease of the catalytic activity of ZnSe and 
Znfe is obsexved. The activation energy of the dehydrogenation 
of alsonol on ZnSe increases from 15 to 21 kcal/mol. The znse 
sample annealed in air 8% 600° was less active than that not 
anneated. Elementary tellurium has a low catalytic activity, 
Radiographic and alectroncgraphic investigations as 4 result 

, of comparison of thermodynamic characteristics snowed that the 

phava shangel of tna catalyst are due to impurities in the 

basic sample and on temperature affects, out in mo case on the 

course of catalys’s. There are 41 figures, 5 tables, and 

10 references, 7 of which are Sovieve 


Card 2/3 


APPROVED FOR RELEASE: 06/14/2000 


CIA-RDP86-00513R000826820020-3" 


"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826820020-3 


Fe NS Ee? 


SOV/62-58-12-3/22 
Investigation of the Dependence of the Catalytic Activity of Binary Compounds 
of Metals of the Second Group With Non-Metals Upon the Position of the 
Elemente in the Mendeleyev Periodic System. Communication 4: Catalytic 
Decomposition of Isopropyl Alcohol on Zinc Selenide and Telluride 


ASSOCIATION: Inatitut figzicheskoy khimii Akademii nauk SSSR (Institute of 
Phy sical Chemistry, Academy of Sciences, USSR) 


SUBMITTED: June 1, 1957 
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PERIODICAL: 


ABSTRACT: 
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KA ¥EON OM, 
Krylov, 0. V., Roginski;, S. %. Correspondin,; 20-3-30/5? 
Meaber al USSR 


Crtnlysis on Intrinsic Semiconductors (O katalize na 
poluprovodrikakh v oblasti sobutvenso,' provodinosti) 


Doklady AN SSSR, 1956, Vol. 118, Nr 3, pp. 523-525 (USSR) 


Although the sane mechenisn of the primary act of the inter- 
action of a seniconductor-catalyst with the substrete 
prevnils the catalysis in the doaain of intrinsic conduction 
must differ in many regurds fron the catalysis in the domain 
of the adnixture-conduction. For the catalycis in the domain 
of intrinsic conduction the followin, must te characteristi- 
cal: 1) A light dependence of the catalytic activity on the 
"structure-sensitive" properties; 2) A connection between 
the catalytic properties and the substance properties; 3) A 
connoction between the catalytic properties and the width of 
the forbidden zone, which results from this; 4) High values 
of the factor in front of the exponential function; 4) A 
compensation of the differences between the n- anid the p- 
-semiconductors. The data which rere obtained by the authors 
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together with Ye. A. Fokin:. are given in & table, they show 

the sharp increase of the catal;,tic activity with regard to 
the dehydretion of the {sopropyl-nlcokol at the transition 
from ZnO to 2:Te. At the same tice the activation eneréy of 
the dehydration decreased, whereby this activation energy 
depends much on the filling up. The rete of dehydration was 
low, in case of all catalysts, whereby the percentage of 
dehydration decreased at the trangition from ZnO to ZnTe. 
When the other properties in the series 2:0 -> ZnS -> ZnSe-> 
—»ZnTe were dnvestigated the followi:y could b« stated: The 
catalytic activity and the diclectric constant € increase, 
but the differerce of the electron regitivity and the width 
of the forbidden zone decrease. An exceptia: in this view 
ip ZnO with U = 3,2 eV. The catulysis takes vlace in a 
tomperature range, in which ere at least 3 of the here 
examined binery compounds (znS, 2i.Se, and gnTe) in the domain 
of intrinsic conduction. At the same tine with the in- 
creasing of the deh, drating ectivity the lattice parameter 
of the @nS increases. Thug in the case of the here examined 
binary compounds & simpler correlation between the width of 

, the forbidden zone and the catalytic activity is observed. 
Card 2/3 Such investigatio:s would be desireble also for other groups 
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of compounds. There are 1 figure and 19 references, 15 of 
which are Slavic. 


ASSOCIATION; Institute for Physical Chemistry AN USSR (Institut 
fizicheskoy khimii Akademii nauk SSSR) 


SUBMITTED: September 9, 1957 


AVAILABLE: Library of Congress 
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Krylov, 0. Ves Fokina, Ye. A. SOY /29-129-2- 59/03 


On the Catalytic Properties of Calciun Oxitle {0 katnliticheskikh 
avoyotvakh okisi kal'toiya) 


Doklady Akademii nauk SSSR, Vol. 120, Mr 2, 
pp. 333 - 335 (USSR) 


First, reference in made to various pertinent papers published 
previously. The investiction of the rules governing the basic 
catalysis as against the acid catalysis and the oxidation- 
reduction catalysio is very interesting. The dehydration of 
cyclohexane, the deconposition of isobutyl alcohol and of 
hydrazines on calcium oxide is investi.j.ted. The calciun oxide 

was produced by a dehydration of Ca(OH), at 600° in a vacuun 

in the sane container, in which the catalytic reaction was 
investigated. The reaction products were analyzed by freezing out. - 
Besides, an additional anelysis for H. was carried out. The 
hydroyen was mado to pans through a pailladdiua enpillary. The 
kinetic curves of the dehydration of isopropyl aleohol in the 
adsorbed layer at 400-200. are given ina diagram. The amount 
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On the Catalytic Properties of Calcium Oxide gov /20-120-2-30/63 


of desorbed hydrogen at 180-200° is equcl to the amount of 
neetone. At lower temperatures a 10-205 excess of hydrogen is 
found. This is explained by the more pronounced adsorption 

of acetone on CaO. With an initinl pressure of CoHio amounting 


to 0,2 ma the dehydration of cycloheyane proceeds at 300-450° 
with a satisfactory velocity. Further details are given. These 
results are well reproducible. The activation energy of de- 
hydration is 30,5 Keal/ mol. A stoichozetric deconposition of 
ChHio into CcHy + 3H, was not observed. In another diagran the 


kinetic curves of the decomposition of hydrazine upon the 
absorbed layer at 50-200° are given, This investigation proves 
that it is possible to carry out three reactions of hydrogen 
separation upon CaO0. Two of these reactions, the dehydration 

of alcohol and of cyclohexane proceed in the sane direction 

as upon electron semiconductors. The direction of the third 
reaction, the decomposition of hydrazine differs from the 
direction taken by the reaction upon netalo and semiconductors. 
Te outhora express their gratitude to the Corresponding Member 
AS USSR, S.Z.Roginskiy for his advice and a nunber of valuable 


Card 2/3 sugcestionsa. There are 4 figures and 1) references, 9 of which 
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are Soviet. 


" PRESENTED: January 2, 1956, by §.1.Vol'’fhovich, “eaber, dendeny of 
Sciences, USOR 


SUBHITTED: | December 31, 1957 
1. Caloiim oxide~Catalytic properties 


Card 3/3 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826820020-3" 


"APPROVED 


CIA-RDP86-00513R000826820020-3 


test 


oemtiber ne ek Sk tees Sa 


FOR RELEASE: 06/14/2000 
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AUTHORS :, Krylov, 0. Vey Roginskiy, 4. Z. 
Peeeiee —_— 

TITLE: The Dependence of Catalytic Activity of Binary Compounds 
of Metals of the Second Group With Non-“etals on the 
Position of Elozents in Mendoleyev's Periodic Systen (Izu- 
cheniye zavisinosti kataliticheskoy aktivnosti binarnykh 
soyedineniy metallov vtoroy gruppy 8 nenetallami ot polozhe- 
niya elementov v periodicheskoy sistene Mendeleyeva)Coanu- 
nication V. Regalarities in the Change of Propertics of the 
Series ZnO, ZnS, ZnSe, ZnTe (Soobaticheniye 5. O zakononer- 
nostyakh izmeneniyn svoysty Vv ryadu ZnO, ZnS, ZnSe, ZnTe) 


PERIODICAL: Izvestiya Akademii nauk SSSR. Otdeleniye khimicheskikh nauk, 
1959, Nr 1, pp 17 - 24 (USSR) 


ABSTRACT: The connection between the position of elements within 
the solid body in the periodic systen on the one hand and 
the catalytic properties of this body on the other hand is 
ineufficiently investisated. Systematic papers hitherto 
published primarily refer to simple bodies and mainly deal 
with explaining the role played by empty points of d-shells 
Card 1/4 of the atom in catalysis. In view of the ‘evelopment of 
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of Metals . of the Second 3roup With Non-Metals on the Fosition of 
Elenents in Mendeleyev's Periodic Systen. Communication V. Rezularities 

in the Change of Properties of the Series ZnO, 2n5, ZnSe, z2nTe 


semiconductor chemistry and the connection between their 
electronic and entalytic properties, which frequently haa 
been observed, it seem-d to be important to investirate the 
effect exercised by the non-metallic component upon the 
latter. Ror have there been any experinental data available 
which might serve as basis for generalizations. In some 
earlier papers the authors tried to fill this gap by inves- 
tigating the catalytic properties of semiconductors. The re- 
aults obtained and data recently published indicate certain 
regularities which in future might be of general ‘importance. 
In the present paper the authors investigated the effect 

of non-metal referring to the compound of the type 


ali,vi with zinc as a positively charged atom att, In order 


to determine the corresponding re,ularities they compared 

the change in the catalytic properties in the series 

ZnO —*2nS —5 ZnSe —> ZnTo aa to the decomposition of iso- 
Card 2/4 propyl alcohol with the changes of a nunber of electric 
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of Metal: of the Second vroup With Non-Metnls on the Position of 
Elements in Mendeleyev's Periodic System. Communication V. Rerularitien 

in the Change of Properties of the Series 2nO, ZnS, ZnSe, ZnTe 


characteristics of these semiconductors. It was stated that 

the catalytic activity of the binary "eX compound changes 

a8 to the dehydrogenation of alcohol simultaneously with 

the change of binding polarity which becomes manifest by 

the change of a number of electric properties. On the in- 

crease of the atomic weight of the non-metal in the wex 

compound the activation energy of the dehydrogenation of 

alcohol decreases, whercas dielectric constant increases, 

and the width of the dancer zone as well as the difference 

of electronegativity decreases. The dependence in complicated 

by the change of E (activation energy) with the occupation 

of the curface. According to data of publications it was 

assumed that the catalysts ZnS, ZnSe, ZnTe (possibly also 

ZnO) prinarily act within the rance of their own conductivity. 

Definite conclusions can be drawn only when electric pro- 

perties of semicon‘uctors during catalysis have been measured. 

It is supposed that the position of the level of impurity 
Card 3/4 conductivity may he also determined according to the 
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position of elements (of which the seniconductor is made up) 

in the periodic system. The authors thank F. F. Vol'tken- 
shteyn and V. B. Sandomirskiy for the discussion. There are 
1 table and 31 references, 20 of which are Soviet. 


ASSOCIATION: Institut fizicheskoy khimid Akrdesii nauk SSSR (Institute 
of Physical Chemictry of the Acadeny of Sciences, USSR) 


SUBMITTED: May 31, 1957 
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30V/76-33-11-31/47 


TITLE: Investigation of Some Catalytic Reactions on the Surface of 


Caloium Oxide 


PERIODICAL: Zhurnal fizicheskoy khimii, 19 
(usSR) 


59, Vol 33, Nr 11, pp 2555-2558 


ABSTRACT: In continuation of a previous paper (Ref 1) the authors 


investigated the decomposition 


of isopropanol and hydrazine 


as well as the dehydration of ethane and cyclohexane on ! Ve 
calcium oxide. The decomposition of isopropanol was oarried 


out in an adsorbed layer accor 


ding to a method described 


earlier (Ref 2). The curves (Fig 1) are given of the decom- 
position of isopropanol at freezing out (-116°@) or the reac- 
tion products (acetone), in which case in the yas remained 


mainly hydrogen and the produc 


1 
t of dehydrogenation, propylene. 
The hydrogen content was at 100% - 64.3%, at 150°C - rae, 


at 180U - 78.8% and at 200°C- 84.0 -86.3%. The activation 


energy varied at 100-150 Cin d 
filling in the range, 21-30 ko 
to 36 kcal/mol. Ethane did no 
Card 1/2 0.4 melig up to 600°G, above 600 
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the Surface of Caloium Oxide 


ASSOCIATION: 


Card 2/2 


inorease could be observed and hydrogen was found in the 
Teaction products. The dehydrogenation experiments carried out 
with ao olohexane 'put at disposal by G.V,Isagul ants, showed 
(Fig 3 kinetio decomposition ourve at 400 C amd varied initial 
pressure) that the dependence of the initial reaction rate is 
linear with the pressure of the Cyclohexane (Fig 4). The 
activation energy of the dehydrogenation is 30.5 koal/mol at 
300-450 Cwhich is in accordance with data by A-A-Balandin and 


Akademiya nauk SSSR Institut fizicheskoy khimii Moskva 


3 


(Academy of Sciences netitute of Physical Chemistr 
Moscow) 
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Frolov, Vs H., Krylov, 0. Vey S07/20-126-1-29/62 
Roginukiy, 8. 2., Corrosjonding Meader, 
AS USSR 


TITLE: Catalytic Dehydrogenation of Ethanol <n Germaniun 
(Katalitiiwelmye degidrisevaniye etanola 7a gerrani’) 


PERIODICAL: bone Akadozii nauk SSSR, 1959, Yol 126, Nr t, pp 107 - 116 
uss) 


ABSTRACT: Cermaniun 4a able +0 catalyze several redex renctisns (Refe 
1,2). The authore waateli t+ investigate the ninetica of sone of 
these reuctions jn the case of various Ge-sanplea with differ- 
ent conductivity jn the case of a concentration shanga of tha 
current cacrlere within a wide varge. This can facilitate the 
understanilng of the mechanisa of the seniconducter catalysis. 
The kiretisa of the reaction rention?d in the title was invest- 
igated under static vazuin conditions in a quartz reactor. Pow- 


der with a opovs fle aurface of 0.05 - 0.1 2? Je obtained by pul- 
verization in the mortar in air served for this purpcea, The 


; i) G 
Ge-pondor wes trained tefore the experiment at (50° or at £50 
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and at 107) ~ 3972 torr. The mantionod dehydrogenation wos in- 


vestigated at 200-270°, 4 reduction of the Teacticn rate (Fics 
131-4 cursive) took Place in the case of subsequently carried 


out ethanol compositions on Ge, trained at 850°, This wag stop- 
ped after the fourth experinont. Beside hydrogen and acetal. 
dehyde algo ethylene wag found to exist in the gas phase. Ita 
content wag reduced from experinent to oxperinent. The hydrogen 
Pressure was in all experiments equai to the summed Pressure 
of acetaldohyde ani ethyleng (accuracy 2-3). The authors ag- 
oume that the fresh Ge-surface adsorbs an oxygen meleoule fron 
ethanol (reaction I) thanks to Jts great affinity to oxygen. 
The Covering of tho Go-surface with adsorbed oxycen leads to 
the breaking-off ct the reaction (I). As late as from the fourth 
experinent on only the Process of the Catalytie dehydrogenation 
takes place on the Ge-powder, The chenosgorption of OLYEON waa 
Carriod out after the fourth experinent in order to clarify tho 
effect of a conplete coverings of the Ge-surface sith Oxygen, 
The curves 5-9 (Pig 1) belens to tha Subsequently carriod out 
experiments, They deseribe the kinetisa of tha hydrogen separa~ 
Card 2/4 tion under the given Conditions. Sincg the pressure of the 
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acetaldehyde formad on the oxidised surface surpasses consider- 
ably the hydrogen presoure the removal of the adsorbed oxygen 
according to the raaction (III) is to be assumed. The catalytic 
reaction (II) proceeds then on the surface free fren oxygen. 
Thus, adsorbed oxygen can in the case of the system germanium- 
-athanol approach toe the stationary astivity of the catalytic 
dehydrogenation from the side of the surface free from otygen 
as well ag frem the side of the surface completely cevered hy 
the adsorbod cxygen. Firure 1 shows the electronic character- 
istics of the alloyed Ce-samples, the legarithm of the pre-ex- 
ponential multiplier (k.) and of the seeming activation enercy 


(£) of the catalytio ethanol dehydrogenation. The results des- 
ceribed clarify to a certain extent the often discussed problea 
of the catalytic equivalence of the p- and n-semiconductors. 
The authors assume with a certain security with respect to the 
reaction mentioned in the title that the activation energics 5: 
the p-germaniun are tonsiderably lower than en n-germaniun. 
This conclusion does, howover, not hold in the case of all other 
reactions (Refs 6,7). The range of the investigated systema is 
Card 3/4 to be widened and ths catalytic processes are to be more the- 
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roughly investigated. Data concerning the change of the elec- 
tronio characteristics of the surface during the reaction pro- 
cess are to be used. There are 3 figures, 1 table, and 7 ref- 
erences, 4 of which are Soviat, 


ASSOCIATION: Institut fizicheskoy khimii Akademii nauk SSSR (Institute of 
Physical Chemistry of the Academy of Sciences, USSR) 


SUBMITTED: January 28, 1959 
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3/195/60/001/004/006/015 


BO17 /B055 
AUTHORS: Krylov, Q. V., Fokina, Yo. A. 
SD ee ne ered 
TITLE: Application of the Isotopic Exchange Method for the 


Inveatigation of Surface Inhomogeneity of Oxide Catalysts 
by Decomposition of Isopropyl Alcohol. II. Aluminum Oxide 
and Zinc Oxide 


PERIODICAL: Kinetika i kataliz, 1960, Vol. 1, No. 4, pp» 542-547 


were carried out by N. P. Keyyer (Ref. 2), A. A. Babushkin and A. Y. 
Uvarov (Ref. 3), and V. E. Vassorberg and A. A. Balandin (Ref. 4). By 
examining the decomposition of isopropyl alcohol on the layer adsorbed on 
aluminum oxide by the differential isotope method, they found that the 
aluminum-oxide surface was inhomogeneous. Dehydration of isopropyl 
alcohol occura on only 4-6% of the aluminum-oxide surface. The results 
obtained by studying the dehydration of isopropyl] alcohol on aluminum 
oxide appear in Figs. 1 and 2. The specific activity of all reaction 
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Alaohol. II, Aluminum Oxide and Zinc Oxide 


products desorbed during isopropyl-alcohol dehydration was found to be 


constant. Desorption and dehydration of isopropyl alcohol on 41,0, is 


illustrated in Fig. 4. The kinetics of isotopic exchange between igo- 
propyl alcohol adsorbed on A1,0, and isopropyl alcohol in the gaseous 


phase is graphically shown in Fig. 3. The decomposition of isopropyl 
alcohol on zinc oxide was investigated by the differential isotope 
exchange method whereby both dehydrogenation and dehydration products of 
isopropyl alcohol were found to have constant but different specific 
activity levels. Fig. 5 gives a graphic representation of the results 
obtained at decomposition of isopropyl alcohol on ZnO. Dehydrogenation 
and dehydration of isopropyl alcohol occur at different active centers of 
the zinc oxide surface. Dehydration occurs mainly at active centers having 
a lower activation energy. The kinetics of isotopic exchange between 
isopropyl alcohol adsorbed on ZnO and isopropy] alcohol in the gaseous 
phase is shown in Fig. 6. Isotopic exchange reactions of isopropyl 
alcohol adsorbed on ZnO and Al.O, are much delayed, thus indicating the 
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inhomogeneity of the active surface of the catalyst. There are 7 figures 
and 6 Soviet references. 


ASSOCIATION: Institut fizicheskoy khimii AN SSSR (Institute of Physical 
Chemistry of the AS USSR) 


SUBMITTED: March 23, 1960 
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AUTHORS: Krylov, 0.V., Candidate of Chemical Sciences, Frolov, V.M. 


TITLE: Chemical Reactions on the Surface of Germanium, Silicon and Their 
Electronic Analogues 


PERIODICAL: Zhurnal Vaesoyuznogo Khimicheskogo Obshchestva im. D.I. Mende- 
leyeva, 1960, No. 5, Vol. 5, pp. 535-543 


TEXT: Although the chemioal reactions, which take place on the surface of 
semiconductors, are of great practical significance, these surface proper- 
ties have not been investigated,as well as those of the bulk. The following 
processes are included in chemical reactions taking place on the surface of 
a solid bodys: 1) chemioal adsorption (chemosorption), 2) catalysis, 3) 
formations of new phases. The present article is dedicated to the .nalysis 
of chemosorption, formation of new phases connected with the aspects of 
chemosorption, and to a lesser degree to the catalytic reactions, A discus- 
sion is given on the electronic processes in chemosorption on semiconductors. 
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Analogues 


It is said that Soviet works (Ref. 6-9) have been published on this subject. 
The main aspects in this connection are listed: 1) A free electron (or free 
electron “hole") of the semiconductor lattice is} the center of chemosorp- 
tion. 2) Adsorption atoms and molecules are regarded as admixtures, destray- 
ing the strictly periodic structure of the lattice. 3) The adsorption abil- 
ity and the catalytic activity of the semiconductor surface is determined 
by the mutual distribution of the local level of the adsorption particle and 
by the Fermi level (level of chemical potential) on the surface. 4) The po- 
sition of the Fermi level on the semiconductor surface € depends on the po- 
sition of the Fermi level in the volume €o» and on the bend of the zones at 
the surface, i,e., the difference of potentiuls between the surface and vol- 
ume Ae viz., ¢€ = Eg + AE. 5) The position of the volume Fermi level 
(&,) at low temperatures is determined by admixtures introduced into the 
semiconductor. 6) The bend of the zones on the semiconductor surface (Ag) 
ie determined by its charging during adsorption and also by the non-adsorp- 
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tion surface states (Tamm levels, surface defects). Several conclusions are 
drawn from these aspects, which were confirmed experimentally: The depend- 
ence of the adsorption and catalytio ability on the olectroconductivity G 
and the work of the electron escape ¥ of the semiconductor, and the reverse 
phenomenon; achange in G and # in the adsorption process and that of cat- 
alysis; the effect of admixtures introduced into the lattice of the semi- 
conductor, i.e., so-called "modification" on the adsorption and oatalysis, 
the opposite effeot of the donor and acceptor admixtures, the appearance of 
kinetic anomalies in the adsorption and catalysis, etc. The authors refer 
to the question of the connection between the surface properties of semi- 
conductors and the electronic structure of the atoms which constitute the 
surface, stating that this aspect has been only slightly investigated. Com- 
ments are made of Donden's theory (Ref,14) on this subject and that of cx 
Goryunova (Ref, 13). It is stated that most authors, with regard to the pro- 
cesses of chemosorption and oatalysis, classify semiconductors according to 
their ability to capture some admixtures (semiconductors of the n- and p- 
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RSPR ED a Utes nc at A Ra 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826820020-3" 


"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP8&6-00513R000826820020-3 


nf A] 
sets Sgt 


20617 


A051/A02 


8/063/60/005/005/006/021 (KX 
9 


Chemical Reactiona on the Surface of Germanium, Silicon and Their Blectronio 
Analogues 


type). Others consider the anomalous behavior with regard to the adsorption 
and catalysis of semiconductors with transition metals in their composition, 
It is pointed out that if the limiting stage of the surface chemical reac- 
tion is the interaction of the adsorption molecule and the free electron of 
the semiconductor, semiconductors of the n-type will speed up this reaction 
primarily, and then all the factors, which increase the concentration of the 
free electrons in the semiconductor, will inorease the rate of reaction 
(Ref. 15). The conclusion is drawn from data derived in Ref. 15 that elec- 
trons of the lattice participate in the limiting stage of the reaction. 
Hauffe (Ref, 16) thinks that this stage may be the desorption of hydrogens 


Hy (gaa) 22H), .+ 2e ) 


. fast 
Do(gas) => 2Dads.+ 2¢ 


Hode.* Daae.t 2e ——» HD(gas) slow. 
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The interest expressed by workers in recent years in the processes taking 
place on the surface of elementary semiconductors not containing d-electrons 
is pointed out (Ref. 17). It 4a further streased that more research has been 
carried out on tha subject of germanium, since it is widely used in semicon- 
ductor electrical appliances. A brief historical review of the development 
of scientific interest in chemosorption on germanium is given mentioning the 
early works of 1930 (Ref, 18) on the reaction of germanium nitride formation, 
also Ref. 19 on the decomposition of german (oex,) with the formation of dis- 
persed germanium. Chemists showed interest in clarifying the interconneo- 
tion between the chemical surface properties of the semiconductor with its 
electronic, volume and surface properties, Since Ge is covered with an oxide 
film in air, it is pointed out that prior to a chemosorption investigation 

a thorough purification of the Ge surface must be initially undertaken. Sur- 
face cleaning ia based on combining the ionic bombardment with subsequent 
heating in a vacuum of 10710 mm Hg. Other methods are: crushing single 
orystals in a vacuum (Ref. 21), reduction with hydrogen (Ref. 22,21), produc- 
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tion of Ge films by evaporation in a vacuum (Ref, 23), cathode atomizing 
(Ref. 24) and decomposition (Ref. 25) of GeH,. The compact single orystal 
Samples are considered to be the most appropriate for measuring electrical 
properties, but difficulties arise due to the small surfaces. Ref. 26 is one 
of the first works on the investigation of the changes of the electrical pro- 
perties as a result of contact of the sample with some gas at various pres- 
Sures over a certain period of time. It was established that the contact 
potential of the surface can change reversibly between two extreme values 
differing by about 0.5 v with a change in the gas mediun. Experimental re- 
sults proved the existence of a layer of a space charge on the semiconductor 
surface determined by the surfaces states. The experimental results showed 
that even the most thorough purification of the surface by available methods 
does not lead to the disappearance of surface states. According to Handler 
(Ref. 27) the existence of surface states is determined by unsaturated bonds 
of the surface atoms of Ge. Fig, 2 shows the surface distribution of the Ge 
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atoms for a crystallographio plane (III). The surface Ge atom becomes in 
the electrical respeot similar to the atom with 5 electrons in the outer 
shell. The surface Ge atoms fulfill the role of acceptor levels, Any dis- 
crepancies in the results of the evaluation of the density of the surface 
states for the processed Ge surface by different methods is explained by the 
different densities of the unsaturated chemical bonds of the surface. An 
investigation of the electrical properties of the Ge surface, processed with 
a CP-4, (SR-4) scouring agent, showed the presence of a more complex struc- 
ture of the surface states as compared to pure surfaces (Ref. 30). Several 
works were published on the acceptor nature of the first layer of adsorbed a 
oxygen (Ref. 27,32,33). Ref. 33 showed that the contact of a pure Ge surface 
with oxygen at a pressure of 107° mm Hg causes an increase in the work per- 
formed by the esoaping electron by 0.2 ev, whereby the equilibrium value of 
the work is reached within a few minutes. A study of the adsorption on 
single crystalline samples proved the electron-graphical methods using slow 
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electrons to be very promising (Ref. 20). The authors of this work obtained 
a relationship for the connection of the intensity of the beam with a coat- 
ing: I/Ip = (1 -6)2 (2), where I and I, are the intensities of the beam 
for the partially covered and pure surfaces, respectively, © is the specif- 
ic filling. If the kinetios of the adsorption is described by the expres- 
sions @= 1-e7%5pt (3), where & is the number of impacts of the gas 
molecules on the surface per second at 1 mm Hg relative to one surface atom 
of Ge, S the probability of adsorption in the impact of the gas molecule 
against the pure surface, p the pressure and t the time. Combining this ex- 
pression with the previous one, the authors could trace the kinetic adsorp- 
tion according to the change in the intensity of the electronic beam with 
time. These data correspond to the postulation of the constant activation 
energy and to the rate of adsorption being proportional to the products of 
the adhesion coefficient and part of the uncovered surface. Purther refer- 
ence is made to the work of Green (Ref, 28), where equation 3 is used for the 
description of the chemosorption kinetics of oxygen on germanium. A mano- 
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metric study was made of the chemosorption kinetics of oxygen o2 Ge powder 
obtained by crushing in a high vacuum (Ref. 21). Green's publication (Ref, 28) 
assumes that the slow adsorption of oxygen described by the Roginskiy-Zel'- 
dovich equation: dN/dt = ae~>N (6), where N is the amount of oxygen ad- 
sorbed at the time moment t, a and b are constants for the given temperature 
and pressure, begins with the filling. It is stated that on the basis of the 
kinetics of the slow adsorption of oxygen by Ge, it is difficult to form a 
conclusion of the exact mechanism of this process, since various types of 
mechanisms of interaction between a solid body and a gas may lead to the law 
of logarithms. In studying the kinetics of the chemosorption of oxygen on 
Single orystal plates of Ge by the weight method data were obtained which 
coincided with Green's results (Ref. 35). It was found that the drop in the 
adsorption heat of the oxygen with filling according to Green was determined XK 
by repulsion forces between the adsorbed atoms. Other investigations under- 
taken are listed as follows: The adsorption of Noy Ho, CO and COo, at —196, 
—78 and 25°C on single crystal Ge rods by the spark method; the high tem- 
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perature oxydation of Ge, the chemosorption of hydrogen on Ge at high tempe- 
ratures; the chemosorption of ammonia at 278°C on a Ge filmy the adsorption 
of Hy, CO and 05 on Ge powders; the adsorption of a number of gases in the 
crushing of single orysta] Ge of the n-type results of the latter are given 
in Table 1 (Refs, 38,39,40,41,42,43,22,44). In all cases where adsorption 
was observed, it took place quickly before filling close to the monolayer. 
The cause of gas adsorption laxcept of pyridine and dioxane) is assumed to 
be the electrostatic interaction between the dipoles of the molecules of the 
adsorbate and the Ge surface. The authors exclude the possibility of val- 
ency bond formation in the adsorption of the investigated gases on Ge, since 
the latter calls for the dissociation of the gas molecules which invariably 
leads to 6 1. An analysis is given of the chemosorption on silicon and 
other electronic analogues of Ge, An investigation was made of the 09 chem- 
osorption on thread-like single crystal samples of silicon by the spark 
method (Ref. 46,48). Recently in semiconductor electronics semiconductors 
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have been applied in addition to Ge and Si, which also did not contain d- 
electrons and were formed by elements equidistant from the fourth group: 
AlIipy, AlIpVI, the processes of gas etching of this type of semiconductor 
were investigated (Ref.52). gyngrov (Ref, 54) studied the electrical proper- 
ties of the surface of the ailis compounds. By measuring the effect of the 
field in samples of single crystals AlSb, InSb and GaSb of the n-type, it 
was shown that inversion layere are formed on the surface of these semicon- 
ductors connected with the presence of surface acceptors (Fig.1). Certain 
facts, such as the high value of the field effect on the AlSb in a vacuum as 
compared to air, indicate a high influence of the adsorption on the elec- 
trical properties of semiconductors of this type. No definite answer has as 
yet been obtained on the difference in the chemosorption properties of n- 
and p~semiconductors. It was shown (Ref. 55,56) that additions of Li5,0 and 
Gao0x to ZnO hardly affect the rate and energy of activation of the H, chen- 
osorption. Similar results were obtained for the catalytio activity of the 
latter in the dehydration of C4Hg. Reference is also made to the works of 
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Chizhikova (Ref. 57), Kutseva (Ref.58), on the study of the chemosorption of 
CO and 05 on ZnO and NiO. Several examples are listed when the limiting 
atage of the chemosorption in catalysis is not the electronic interaction of 
the adsorbed molecule with the semiconductor. Some authors assume that the 
limiting stage is the movement of the active centers - structural defects - 
from the volume to the ZnO surface. Finally, the author discusses the cat- 
alytio reactions of the Ge surface and that of its analogues. The catalyt- 
io properties of Go are mentioned quoting Refs, 25, 59. Conclusions were 
formed that the rate of reaction of the auto-catalytic decomposition of GeH, 
on a Ge film is controlled either by the dissociation of adsorbed radicals 
of GeH, (x = 2 or 3) or by the desorption of oxygen when the surface is com- 
pletely covered by the GeH, radicals and hydrogen. The kinetics of the re- 
action H, - Do exchange on Ge powders obtained by crushing of single crys- 
tals in air with subsequent reduction by hydrogen were studied (Ref, 60,61). 
The ortho-para conversion of hydrogen and Hy - Do exchange on Ge films pro- 
duced by the cathode atomization in an interval of 77 - 175°C was investi- 
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Analogues 


gated (Ref,24). A comparison of the rates of these two reactions led the 
authors to the conclusion that the first one is of a magnetic or chemical 
nature, The authors of this article and Roginskiy investigated the catalyt- 
ide properties of Ge on an example of dehydration of alcohols, cyclohexane, 
decomposition of hydrazine reactions on powders and films. The results 
showed that Ge is an active catalyst in the respective reactions. A study 
was also made of the kinetics of the catalytic reactions on n- and p- Ge 
with various admixture contents (Sb or Ga). Fig.3 shows the relationship of 
the apparent activation energy of dehydration of CyH_OH to the concentration 
of the main charge oarriers. From Refs. 65, 66 regarding the hydration reac- 
tion of ethylene and formio acid decomposition, it was also found that the 
hole samples were more active in the catalytic sense and were characterized 
by a lower activation energy than the electronic ones. A study was made of 
the decomposition of HCOOH on AlSb and InSb. The hole sample had a lower 
activation energy than the electronic ones. Pig. 4 shows the relationship of 
the catalytic activity at 200°C relative to a unit of surface for the decom- 
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position of C #708 to the width of the forbidden zone. Data obtained from x 
chemical reactigna on the surface of Ge and its electronic analogues point 

to the faulty deductions presented in Refs.14, 16, maintaining the all-im- 
portant role of transition elements in chemosorption and catalysis. There 

are 3 tables, 2 diagrams, 2 figures and 73 references; 24 are Soviet, 42 are 
English, 7 are German, 
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AUTHOR: Xrylov, 0.Y. 8/020/60/130/05/030/061 
Wetec ince ane One Nnae Meanie! B004 BO14 
TITLE: A Case of Homogeneous Continuation of a Heterogeneous 


Catalytic Reaction 4 


PERIODICAL: Gasany.. Akademii nauk SSSR, 1960, Vol 130, Nr 5, pp 1063-1066 
USSR 


ABSTRACT: In reference 1 tke author had studied the decomposition of 
hydrazine on metallio, semiconductor, saltlike, acid, and 
‘basic catalysts, NOH, + L—pNHo-L + (NBS) dsorb (L= free radical 


on the catalyst surface, NH-L = solid, bielectronic bond on va 
the catalyst surface) was assumed to be the primary reaction 

on the catalyst aurface on the basis of thermochemical caleula- 
tions carried out in analogy to the calculation of N.N. Semenov 
(Ref 2) and V.V. Yoyevodskiy (Ref 5). Next, chain and radical 
reactions follow on the catalyst surface the scheme of which 

is given. In order to give a direct proof of the chain reaction, 
the author studied the problem as to whether the reaction passes 
from the catalyst surface into the volume of the reaction vessel 
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longer bound to the surface by adsorptive forces. Tne investi- 
Gation was oarried out by separate calorimetration according 
to M.L. Bogoyavlenskaya and A.A. Koval'skiy (Ref 5) in a 
molybdenum-glass apparatus designed by P.Yu. Butyngin and 
L.Ya. Margolis (Ref 6). Iron, ammonia catalyst of the type 
KATZ-55 (Fe promoted with alkali), ZnO, 3GeAs.0 Se, CaO, and 


a cracking aluminosilicate catalyst served ag Catalysts. A 
temperature rise in the volume was found for the Fe catalyst 
(Fig 1) and 30eLs.00,8e, (Fig 4), which proved the course of 


reaction in the volume. This effect was distinctly marked in 
the oase of Fe, whereas in the case of the semiconductor and 
ZnO it could be observed only at high temperatures. The thermo- 
couple located in the reaction space showed no temperature 

rise for KATZ-55 (Fig 2), CaO, and the aluminosilicate catalyst 
(Fig 3), so that the reaction did not pass over into the 

volume when using these catalysts. The author thanks 3.2. 
Roginskiy, Corresponding Member of the AS USSR, for his help- 

ul advice, and M.Ya. Kushnerov for his assistance in 
experiments. There are 4 figures and 6 references, 5 of which 
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are Soviet. 


ASSOCIATION: Institut fizicheeskoy khimii Akademii nauk SSSR (Institute of 


Physical Chemistry of the Academy of Sciences, USSR) A 
PRESENTED: October 21, 1959, by P.A. Rebinder, Academician 
SUBMITTED: October 8, 1959 
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AUTHORS: Krylov, 0. V. and Fokina, Ye. A. 


TITLE: Catalytic properties of new semiconductors with the structure 
of zincblende 


PERIODICAL: Zhurnal fizicheskoy khimii, v. 35, no. 3, 1961, 651-659 


TEX’: The decomposition of Leopropyl alcohol and hydrazine in the adsorption 
layer of the catalysts GaAs, Ga,Sex, Gaks*Ga,Sez,s 3Gads*Ga,Se,, Ga,Te,, and 
CuBr was studied. These sompounds of the types ality and i. oy were 
prepared by N. A» Goryunova and placed at the authors’ disposal. According 
to N. A. Goryunova, V. 8. Grigor’yeva et al. (Ref. 131 Zh. tekhn. fiziki, 
25, 1675, 1955), compounds of the abttay? type form solid solutions with 


compounds of the alll ,V 


type. The kinetic curves of the decomposition of X 
isopropyl alcohol and hydrazine on these catalysts were recorded, Fron their 
course Jt may be seen that the decomposition of isopropyl alcohol at 

130-270 C mainly proceeds in the form of dehydrogenation, The main decoa- 
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position products of hydrazine (90-250°C) are ammonia and nitrogen. The 
cataiysat Gadus ie not poisoned during tho decompgsition of {sopropyl alcohol. 
The activation energy at temperatures bolow 220 C ia al3-19 kcal/mole, and 
at temperatures above 225°C, 20-25 kcal/mole. The activation energy of the 
decoaposition of NoWy on Gods at 100-200°C is approximately 16.5 kcal/mole. 


Beyides dehydrogenation, othor reactions occur on Ga,5e,- The activation 


energy of dehydrogenation amounts here to 14-1925 kcal/mole. At 125+200°C, 
the decomposition of hydrazine on GaSe, proceeds at a satisfactory rate. 


The decomposition of isopropyl alcohol on GapTe, proceeds slowly at low 


temperatures, and 100% dehydrogenation sets in at elevated hemperatures. A 
transition point lies at 145 C. At temperatures below 145°C, the activation 
energy of the decompos tion of isopropyl alcohol is 2-3 kcal/mole, and at 
temperatures above 145 C, it is 11-19 kcal/mole. The decomposition of 
hydrazine on Ga,Te, takes place at temperatures of 100-200°C. The catalytic 


activity of the compounds Gads+Ga,8e, and 3Gnda -Ga,Se, was only studied from 
the hydrazine deromposition, and it was established that the rate of reaction 
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ip slightly higher than on the catalysts GaAs and GaSe, On CuBr, isopropyl 
alcohol decomposes at 200-270°C ato consigerable rate. At 200°C, a 61% 
dehydrogenation takes place, and up to 270 ¢ this proportion decreases to 
36%. The activation energy of the reaction varies from 26 to 31 koal/mole. 
Hydrazine on CuBr starts decomposing at 250 Cc, accompanied by side reactions 


and simultaneous chemical change of the catalyst under the formation of 
metallic copper. It was further 
gnSe, CuBr and during the conversion of ZnTe to 


to GanSexs which groups of compounds show identical crystalline structure 


and similar lattice parameters, & decrease of the catalytic action sets in 
with simultaneous inorease of the activation energy of the catalytic reac- 
tion, with an increase of the width of the forbidden band (1. Gey with in- 
creasing ionic character of the bond). Semiconductors with vonds of highly 
ionic character have therefore poor catalytic properties. The authors thank 

9. Z. Roginokly, Corresponding Member AS USSR, for advice. VY. M. Frolov and 
Yu. N. Rufov are mentioned in connection with the gtudy of the catalytic 
properties of pure germanium. There are 8 figures, 2 tables, and 19 refer- 
ences: 12 Soviet-bloc and 1 non-Soviet-bloc. The four most recent refer- 
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ences to English-language publicationa read as follows: G, <M. Schwab, 
Semiconductors surface physics, Philadelphia, p. 283, 1957; G. -M. Schwab, 


Advances in Catalysis, N. Y., 9, 229, 1957; G. 
Krawezynski, J. Penzkofer, Z. phys. Chem. (N. F. 


Garner, Advances in Catalysis, N. Y., 9, 169, 


-M. Schwab, G. Greger, 5S, 
)» 15, 363, 1958; Ww. E. 
1957. 


ASSOCIATION: Institut fizicheskoy khimii Akademiya nouk SSSR (Institute of 
Physical Chemistry of the Academy of Sciences USSR) 


PRESENTED: May 19, 1959 
SUBMITTED: July 15, 1959 
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Dehydrorenation of cyclohexane on certain carbides, borides, and 
silicides. Lokl. AN SSSR 140 no.4:863-866 O "61, (Milts 14:9) 
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by breaking the partition, The most active hydroxide was Be(OH)a9 
and BeO produced in the ampule by heating Be(OH)o under vacuum. 

At 90 °C BeO and Be(OlH)a gave polymers having the molecular weight 
of 100 000 - 175 U00, the rate of polymerization ranging from 1,3 
to 6.2 millimoles/m2.hours. MgCO3-Mg(OH)9-H20, MgO formed from 
Mg(OH)o, SrCO3 and CaO formed from CaCOzx also had high activity 
at 90 C, giving polymers having the molecular weight of 25u OUU, 
350 000, 1 000 000, and 600 000 respectively, the rates of 
polymerization being 5.7, 1.45, 6.1 and 2.6 millimoles/m2. hour 
respectively, Certain salts and hydroxides of Fe and Al also have 
high catalytic activity. In general the active compounds of 
transition metals have electronic configuration d, and ds 


(Fe>*, th'*, zr!*, patty, The acidic catalysts (e.g. silica- 
alumina) were not active. The molecular weight M ‘of the 
polymer increases as follows: 


Catalysts for the polymerization.,., 


M = av (7) 
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wheres V = volume of ethylene oxide, mf } a - constant; 

Co and c - initial and final concentration of ethylene oxide 
respectively; s? - catalyst surface occupied by the active 
centres at t = Q, For Cy - ¢ = const, Fa varies linearly with 
Sy: The apparent mean activation energies for the polymerization 


on various samples of Be(OH)o, 3H20 ranged 

from 8.7 to 17 keal., ly not diffusion 
controlled, ali-earth 
hydroxides at es decreases with 
the increasing but the activity of the 
individual cent 1 he atomic weight, 


ersed, since the energy 
ght of the metal, yf 
—_— 


y fiziki AN SSSR 
(Institute of Chemical Physics, AS USSR) 
SUBMITTED: May 3, 1962 
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AUTHORS | Krylov, O.Ves Kushnerev, MeYacs and Fokina, Ye.A- 
or 


TITLE: Formation of active surface in the catalysts tor 
the polymerization of ethylene oxide 


PERIUDICAL! Neftekhimlya, Ve2s no.5, 1962, 697-704 


TEXT: In view of the low activity of technical Beo and MgO, 
the authors studied the preparation of -the active oxide catalysts 
by decomposing Be and Mg hydroxides and carbonates. The action of 
catalytic poisons (Hyd and C0g) was also investigated. A Macbain 
balance was used to follow the decompos 
kinetics of ethylene oxide (related to po 
COg and H20. Adsorption of ethylene oxide occurs before 
polymerization, the rate of adsorption being proportional to log ¢ [ 
(t = time). subse quent polymerization takes place at a constant 

rate which depends on the number of active polymerization centres 

on the catalyst surface, The catalytic activity grows with the 

degree of decomposition of the hydroxides. The most active MgO 

has 30-50% of its surface covered by water. For Be(OH)5 the most 
active catalyst resuits after its complete dehydration. 
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Freshly prepared Mg and BeO reduce their high activity on 
exposure to air, whilst their surface areas decrease by only 
10-208. This is explained by the preferential adsorption of water 
on the active centres, which lowers the adsorption and 
polymerization of ethylene oxide, Initial adsorption of COo leads 
to the incrouse of ethylene oxide adsorption, but decreasos the 
polymerization rate by a factor of 4-5. Further COg adsorption 
has no effect, it is inferred from the adsorption kinetics that 
the active centres are mg@+ or Bpe@+ ions interacting with the 
oxygen in ethylene oxide molecules, 

There are 9 figures and 1 table, 


ASSOCIATION: Institut khimicheskoy fiziki AN SSSR 
(Institute of Chemical Physics, AS USSR) 


SUBMITTED: May 5, 1962 


Formation of active surface in the 
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| TITLE: Relationship between the catalytio activity of some semiconductors and the 
| forbidden zone width 


SOURCE: Kinetika 1 kataliz, ve 5, no. 2, 1964, 284-292 


!TOPIC TAGS: semiconductor catalysts, forbidden zone, forbidden sone width, | 


l catalyoio, Badolinius semiconductor, germaniua semiconductor, indium senidonductor, : 
| zinc semiconductor, copper scmiconductor 


Poy 
;ARSTRACT; Having found earlier that the eat 


alytle activity of the dscelectronic, 
ferles of germanium sem{conductors (Ga, 


GaAs, ZnSe, CuBr) in the decamposition of | 
| 4eopropyl alcohol and hydrazine decreagen fron Ge to Cubr, tho authors carried i 


lout a study to correlate tho catalytic activity with the width of the forbidden | 
;Zone. Thoy studied decanposition of Asopropy) alcohol in the adsorption layer’ (in ee 
| oteady-otnte conditions) at low pressure on the surface of the following semicon» | 
|ductoru: DAs, BP, Gols, Gals *Go28e3 Gals*3GapSe GaSb, , GaSe, GaTo, InAs, InSb 
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